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Thermal Stresses 
and Materials 


NATURE OF THERMAL RESPONSE 

The structural response of material under heating or cooling is governed by the 
expansion or contraction of its volume. When a structural member is subjected 
to a thermal gradient, it is necessary to recognize that there can be the following 
conditions: 

1. External forces provide a constraint against a change in shape. 

2. The form of the structural member is incompatible with the natural tendency 
of various parts of the member to contract or expand. 

The thermal behavior under condition 1 may be represented, for example, by 
a uniform, straight bar held at the ends and subjected to a constant tem¬ 
perature gradient. The case corresponding to condition 2 can best be illus¬ 
trated with reference to a cylinder having a temperature gradient across its 
wall. Although in this case no external forces of constraint are applied, ther¬ 
mal stresses are produced because the strains are incompatible with the free 
thermal deformation. The two cases outlined above can also be characterized 
as those structural systems which are governed by external or internal con¬ 
straints. 
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